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NATIONAL. ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO. 1169

THE EFFECT OF GEOMETRIC DIHEIRAL ON THE
AERODYNAMIC CHARACTERISTICS OF A 4o°
SWEPT-BACK WING OF ASPECT RATIO 3

By Bernard Maggin and Robert E, Shanks

SUMMARY

Force tests at low Reynolds mumbers were made to determimne

the effect of changes in the geocmetrlc dihedral on the asrcdynamic

charaeteristics of a wing of aspect ratio 3 having an angle of
40O° measured at tiie quarter-chord line. The results
of the tests for the swept~back wing of aspect ratio 3 indicated

swuepback of

that, for low and moderabe 1if4 coefficients, changes in geametric

dihedral fram -10° to 10° resulted in = change in the effective
dihedral that was about T5 percent as great as that cbtained

for an unswept wing of aspect ratio 6.
side the range of -10° to 109,

For dihedral angles out-
changes in geometric dihedral

produced about half as much change 1n effective dihedral as for

dihedral angles between -10° and 10°.

At a 1ift cqefficient

ghove a value of O, 8 the maximum values of effective dlhedral
obtained with large negative geometric dihedral angles were
greater than those obtained with 0° geametric dihedral,
of the lift curve, the directional-stebllity param~
eter generally increased with increasing negutive dihedral

and increasing lift coefficient, but 4id not change appreciably
ing positive dihedral. Increasing positive dihedral

linear range

with increas

resulted in an increase in the nosing-up pitching moments

Over the

(dostabilizing) at the stall, and increasing negative dihedral
resulted in an increase in nosing-down moments (stablilizing)

at the stall,

varlation of

lateral force with sideslip.

Increasing positive or negative dihedral caused
a decrease in the lift-curve slope and an increase in the
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TNIROLUCTEION

One undesirable charecteristic of highly swoept-back wings
is the large variation in affuective dihedral with a varlation
in 1ift coefficient., This variatlion tends to glve excesslve .
vylues of efi'ective dihedral at mrderate exd high 1ift ccefficlents,
In order to limit the maximm value of- effactive dihedral to a
valus that will permit attainment of satisfacbory dyncmic luteral
8tabillty-and control characteristics, 1t mey be nscessary in
many cascus to use negative gocmetric-dihedral. In order to obtain
some indicatlion of the effects of changos in geomoutric dihcdral
on the saserodynsmic charscterlstice of a swept-back wing, an
investigation hus been mndo at low Reynolds numbsrs in the Langley
free-fl%ght tunnel. This investigation consisted in force tesus
cf a 40~ swept-beck wing of aspoct ratio 3 with geomotric dihoedral
angles runging from 20° to —300 The results of the investigntlon
are prusented hereln. :

The forces and moments were measured with respesct—to the
stebility axes, (Seeo fig. 1.}

C;, -+ lift coefficicnt (*1f )

Cp drag coefficient (%955_)

Coy pitching-moment coefficient E;F:IE‘

Cy rolling-moment coefficient .(.11;_;)

Cn yawing-moment coofficient (Efl\sLb)

CY lateral-force coefficient (L_g.__igen‘m%lg "ox'cj

rolling moment sbout X axls, foot-pounds

M pitching moment about Y axls, foat-pounds
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yowing moment zbout Z  axis, fﬁot~pounds

. \ -
wing aree {0° dihedral wing), square feet
wing span (0O° dihedral wing), foet

wing chord, measured in plane parallel to plane of
symaetry, feet g

wing mean serodynamic chord meocsured in plans paralle1
to plane of symmetry, feot .

lateoral location of wing mean aerodynamic chord measured
from axis of symmetry, inches

vertical location of wing meon aerodgnamic chord messured
from lower surface of the wing (0° dihedral), inches

wlng aspect ratio \ 2\
(17
dynamic pressure, pounds per square foot \EQV .

mass density of air, slugs per cubic foot e
alrgpeed, feet per second

angle of roll, degrees

sngle of sideslip, degrees

angle of yaw (-B), degrees

geometric dihedral angle, measired wlth respect to
under-surface af wing, degrees .

angle of attack at the lower surface of the wing, degrees
taper ratlo, ratio of tip chord to root chord

eifective-dihedral parameter, rate of change of rolling-
moment coefficlent with angle of sideslip, per degree

directional-stability parameter, rate of change of yawing-
mﬁmﬁnt coefficient with angle of sideslip, per degree

as/

®)



L . NACA TN No. 1169

CY lateral-force parameter, rate of chenge of lateral-force
B coefficient with angle of sideslip, per degree (§§X)
éfzg rabe of change of effective-dihedral paramstor wlth

REA goametrit-diladral angle, per degres

CLQ lift~curve slope, per degres Qégg)

APPARATUS AND TESTS

The force teste to determine the asrodynemic character-
latice of the various wing configurations were made on the
Langley froe-flignt-tunnc) six-comporient bualance which rotates
in yaw with the model sgo that all forces and momenta are mezsursd
with respuct to the stability axes. (See fig. 1.) &£ complete
description of the balance syatem 1 given in reference 1, All

the tests woere run et g dynomic pressiyes of 3.C pounds pser square

foot corresponding to & test Roynolds number of 2h9,000 baaed on
a mean asrodynamic chord of 0.778 feot.

A sketch of the tapered wing (A = 0.5) of aspect ratio 3,
with a sweepback of 40° messured at the quarter-chord line, is
Presented in figure 2, The wing has a Rhode St. Geness 33 airfoil
gocticn porallel to the plans of symmetry. This wing sectlon wus
uged. in accordance with the free-flight-tunnel practice of using
ailrfoll sections that oblain maximum 1ift coefficients in the
low-gcale teeta more nearly equal to those of full-ascale wings.
The wing was constructed of pine in threo sections: a 0.10b
center panel, and two 0.45b outboard panels. The outbourd panels
wore hinged to the center panel und faired wedge blocks were used
to give a range of geometric dihedral angles from 20° to -30°
measured at the under suxrface of the punels perpendiculer to the
plane of symmetbtry.

A sorles of foxrce tests woro made for dihedral angles of
0°, £%°, *10°, #20°, and -30° to dotermine the acrodyncmic
cheractoristics of the wing over the lift-coefficient range for
yaw angles of 0° and #5°, A few force tests were made over &
rangs of yaw angles of 30° to -30° at an engle of attack of
2° to dotermine whether the valuss of tho lateral-stabilii
purameters obtained from angle-of-attack tcste at 15 O yaw were
relisble over a reascnable yaw-ungle range.
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RESUT.TS AND DISCUSSION

All the test datae are based on the area, span, and mean
aerodynamic chord of the zero-dihedral configuration and are
neasured with respect to the same moment-reference axes unless
otherwise stated. The origin of the moment-ireference axes shown
in figure 2 1s the quarter-chord point of the mwan aerodynanic
chord when the wing is set at 0° geometric dihedral, Since the
mean aerodynemic chord moves upward wlth respoct to the moment-
reforence point as positive dihedral ls increased and downward
as negative dihedral 1s Increassd, it 1s necessary to correct the
baslc data presented with respect to the moment-reference axes
when moment dats sre desired about some point on the mean
aerodynamic chord of the wing. =

The results of the angle-of-attack tests at engles of yaw of
0° and +5° are presented in figure 3. The results of the yaw
tosts at a = 2° are prosented in figure 4. A comparison of the
data of figurs 3 with data of figurce 4 indicates that at least
over the linear range of the 1ift curve, the lateral force parameter
CYB’ the directionsl-stability paramoter nﬁ, and the effective-

dihedral parameter CZB obtained from the tests at yaw angles of

+5C give reliable valuos of thess phrmnetors over a range of Jaw
angles of approximately +15°. —

The longitudinal-stability characteristica of the wing over
the dihedral range have boen summerized in figure 5 and the
leteral-stability characteristics in figures 6 to 8. "Symbols,
which have been used in some of the summary plots to aid in
distinguishing the curves, should not be taken as test points.

Lift Cheracteristics
The data of figure 5 indicate that the lift-curve slope
decreases with increasing positive or negative geomstric dihedral.

The investigation of refurence 2 showod that the decreass in
lift-curve slope with geometric dihedral can be expressed as

- (CLa)p=o° cos> v S (1)

This theorsticel relationship is presented in figure 5 and is
in gouod agreerient with the experimontal rosults.
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The low-scale lift date in figure 3 indlcate that the maximm
lift coefficlent generclly decreascd with increassing positive or
negative geametric dihedrul, This decrenso in maximum lift
coefficlonts reswlted from the fact that tho 1ift coofficionts
were basod on the ares of the wing with zerc dihedral and not
the projocted. wing area, which decreaged with dihedral.

The data of figure 3 also show an increase in the angle of
attack of maximm 1ift with increasing pesitive and negativo
geometric dihedrals. As pointed out in reforemnce 2, this increase
is caused by a reduction in the angle of attack measured in the
plane normal to the wing surface asg the geomotric d&ihedrel is
increased elther in the positive or negative directuion.

Pitching-Mowent Characteristicas

‘The data of figure 5 indicale that, when the pitching
noments are referred to the momont=reference axes, an apparent
increase in longitudinel stability dCp/dCr, with increasing

geometric dihedral rosulte., When the pliching moments are
referred to the mean serodynamlc chord for each dlhedral angle,
however, only a slight changs in longltudinal stabllity—wilth
goometric dihedral resulis. ' '

The piitching-moment data of figure 3 indicate that goometric
dihedral affected the low-scale pitching-moment characteristics
at higa 1ift cecefficients. These date obtained at low Reynolds
muber indicated that-increasing positive goomstric dilhedral
resulted in an increaso in nosing-up pltching momwents (destubili-
zing) at the stall and increasing negative dihedral resulted in an
increade in nosing-down maments (sbabilizing) at the stall. The
changes in pitching moment at stall are not 3o pronounced whon
these data ars corrected to the mean aerodynamic chord for the
correspcnding dihedral configuration.

Rolling-Moment Characteristics (Effective Dihedral)

The data of figure 6 indicate that up to a lift coefficient"
of 0.80 the effective-dihodral paremetor -CZB increases with

1if't coefficlent and positivo geometric dihedral and decrsases
with nenative geometric dihediral. 'The wing with 0° gecmstric
dihedral reaches a maximum value of -CzB at a 1ift coefficient of

1.0, With increasing posltive geametric dlbhedral the maximum
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velus of _CZB occurs atv increasingly lower 1lift coeffilclents

(0.90 for 20° dihedral). With negative gecmetric dihedral, maximum
velues of —CIE would be reached at some lift coefficlent beyond

maximum 1i1ft. This phenomene can be explained by the fact that the
change 1in CzB with 1lift coefficleont near maximum 1ift i1s governed

by the nature of the wing stall. With positive geometric dihedral
the angle of attack resulting from sideslip is such a8 to increase
the angle of attack on tiie leading-wing penel and to decrease the
sngle of uttack on the trmiling-wing psnel. With negutive geometric
dihedrel the opposite effsct tskes place and the leading-wing

pencl has the suwaller angle of atteck. As maximum 11ft is approached

in o sldeslip, the wing pensl with the higher ungle of attack
therefore begine to stall first and s decreusse in lift {and rolling
moment) produced by that pansl reaults.

The data of figure 7, which is a cross plot of figure 6,
indicate  that, for any lift coefficient in the lluesr portion of
the lift curve, an approximately linear variation of effesctive-
dihedral parameter CEB with geomotric dihedral ccours for a

range of geometric dlhedrals fram -100 to 10°. The variatian_of'

oC
Gy, With dihedral a;ﬁ decrenses for geometric dihedral angles

outside the range of -10° to 10°, The curves of figure 7 are
cross-plotted in figure 8, which shows that the dihedral &ffectivo-

aC :
nessd parameter ._Szﬁ for goeometric dihedral angles betwsen -10°
I1 .
and 10° varies over the lift range from about -0.00017 to -0.00012

and is more than twice the value of iag_f__‘ﬁ for gecmstric dihedrals
T ° . :

in the range outside +10°. For an wnswept wing of aspect ratio 6,
which is representetive of wings on many present-day conventional

sirplenes, the value of -égaﬁ i3 0.00021 (reference 3). The

BCZ d-‘- ----
average valus of -—ng over the low =nd moderate lift-cosfficient

range for dlhedral angles beotween th for the wing tested was
0.00016 or gbout 75 percent of the value for the unewept wing of
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aspect ratio 6. This reduction in the value of a_g_l_ﬁ for the
or

swopt-back wing a3 compared to the unswept wing is attributed in

part to the lower lift-curve slope of. the swept-back wing.

The dnte of figures 6 and T indlcate that st any 1ift ccefficlent
up to-a lift coefficient of 0.8, increasing the negative geometric
dihodral causes a reduction in tho vslue of _CZ’B. At a 1iF% -
coefficient above O'.8, however, increasing the negative geamslxic
dihedrel increases tho value of -CZB. For example, for 1lift

coefficlients sbove 1.0, the values of -CT’B are grvater for

goomotric dihedrsl angles of -20° and -30° than for zero geomatric
dihvdral. ' )

Yawing Momont wnd Lateral Farce -

The cross-plote of figures 6 and 7 indicate, that the directional- _ ]
stablllty parameter CnB generally increases with increasing . ’

negative dihedral and incroasing 1lift coefficlent over the linear
range of the 1lift curve but is notl appreolsbly seffected by incruvasing
positive dihedral. An analysls of the forcea actlng on the wing
indicated that at sny 1ift coefficiont in the linear range of the
1ift curve the dilrectlional-stability parameter Cnﬁ should

increasoe with an increase in negative dlhedral and decrease with

an luocroase 1n positive dihedral. The dlscrepancy between tho \
analysis and the test deta for wings with poeitive dihedrsl h2s

not been explained. The data of figuros 6 and 7 alsc indlcste

that, over the linear portion of the lift curve, the veriation

of lateral force with sldealip CYB increases with increasing

positive or negative dihedrzl but does not vary with lift coefficient. B

CONCLUDING REMARKS

The effects of varying the dihedral angle of a wing of
aspect ratio 3 having an angle of sweepback of 40° measured at
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the guarter-chord lins were determined by force tests made &t
low Reynolds numbers and the results sro summarized as follows:

1., For low and moderate 1ift coefficients changes in geo-
metric dihedrsl from -10° to 10° resulted in an effective dihe-
dral change approximately 75 percent as great as that obtained
for an unswept wing of aspect ratio 6. For dilhedral angles
outside the range between -10° to lOO, changes 1n geomstric
dlhedral produced only sbout half as much change in effectlivs
dihedral as for dihedral between 10° mnd -10°. At 1ift coef-
ficients ebove 0.8, the maximum values of effective dihedral
for wings wlth large negative dihedral =ngles were gheater than
the maximum value obtained for wings with 0° geametric dihedral.,

2. Over the linear range of the lift curve, the directional-
8tabllity parameter gensrally increased with increasing negative
dihedral and increasing 1lift coefficient but showed no appreclable
change with increasing positive dihedral,

3. TIncreaslng positive dihedyal resulted in increasing
nosing-up pitching moments (deotabilizing) at the stall and
increasing negative dlhedral resulted in Incrsasing nosing-down
moments (stabilizing) at the stall.

Lk, 1Increasing positive or negative dihedral resulted in a
decrease in the lift-curve slope and an increase in the variation
of lateral force with sideslip.

Langley Memorlsl Aeronautical Laboratory
National Advisory Committee for Aeronautlcs
Langley Field, Va., September 19, 1946
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Figure 1l,- The stability system of axes; arrows indlcate
positive directlons of moments, forces, and control-
surface deflectlons, This system of axes 1s defined &as
an orthogonal system having the origin at the center of
gravity and in which the Z-&xis 18 in the plane of )
symmetry and perpendicular to the relative wind, the
A=axis is in the plane of symmetry and perpendicular to
the Z-axis, &and the Y-axis is perpendicular to the
plane of symmetry, . . )
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Figure 2,~ Drawing of the 40° swept-back
Aspect ratio, 3; taper ratilo,

Fig. 2. - _ .. . NACA TN No. 1169
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Fig. 3b
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